A steady MHD free and forced convective viscous incompressible electrically conducting flow in a rotating channel under constant pressure gradient has been studied. An exact solution of the governing equations has been obtained in closed form. The numerical results for the velocity components, the induced magnetic field components and the temperature distribution are being presented graphically. The shear stresses and critical Grashof numbers at the lower and upper plates have been calculated. The heat transfer characteristics have also been studied on taking viscous and Joule dissipations into account. The rate of heat transfer at the lower plate increases whereas the rate of heat transfer at the upper plate decreases with an increase in either magnetic parameter or Eckert number or Grashof number.
INTRODUCTION
The study of hydromagnetic viscous conducting rotating flows has drawn attention due to occurrence of various natural phenomena and for its application in various technological situations which are directly governed by the action of Coriolis force, magnetic force and viscous force. The subject of geophysical fluid dynamics nowadays has become an important branch of fluid dynamics due to the increasing interest to study environment. In geophysics, it is applied to measure and study the positions and velocities with respect to a fixed frame of reference on the surface of earth which rotate with respect to an inertial frame in the presence of its magnetic field. In astrophysics, it is applied to study the stellar and solar structure, inter planetary and inter stellar matter, solar storms and flares etc. The effect of the magnetic field on free convection flows is important in liquid metals, electrolytes and ionized gases. The effects of buoyancy forces on MHD forced convective flow have not received much attention. Ostrach [1] has studied the combined effects of a steady free and forced convective laminar flow and heat transfer between two vertical walls. The heat transfer aspect of MHD channel flows has been studied by Yen [2] , Soundalgekar [3] and Jagadeesan [4] . Gupta [5] has studied the effects of buoyancy forces on a forced convective flow through a horizontal channel with nonconducting walls. Nanda and Mohanty [6] considered the hydromagnetic flow in a rotating channel formed by two infinite horizontal plates under the action of a constant pressure gradient. Assuminng the flow to be steady, fully devolved they have shown that when the applied magnetic field and rotation are weak, the effect of the magnetic field on the flow in the direction normal to the pressure gradient is unaffected by rotation. Also for a strong magnetic field they observed modified Ekman layers near the boundaries whose thickness is inversely proportional to the magnetic field and the shear stresses at the plates always decrease with increase in the magnetic parameter. Jana et al. [7] and Seth and Maiti [8] have presented detailed analysis of the flow of a viscous incompressible fluid through the rotating channel. Mohan [9] has studied the free convection effects for a similar configuration. It is found that when the Grashoff number is large, the fluid in the vicinity of the two plates move in the opposite directions and the flow separation take place only at the lower plate. Hall effects on unsteady MHD free and forced convection flow in a porous rotating channel have been investigated by Sivaprasad et al. [10] . The forced convective heat transfer in a MHD channel with Hall and Ion-slip currents has been presented by Mittal and Bhat [11] . Rao et al. [12] have studied the combined effects of free and forced convection on MHD flow in a rotating porous channel. The magnetohydrodynamic combined convective flow through a horizontal channel is studied by Mori [13] , Yu [14] , Datta and Jana [15] , Ghosh and Bhattacharyya [16] and Pop et al. [17] . Guria et al. [18] have studied the Hall effects on the hydromagnetic convective flow through a rotating channel under general wall conditions. The effects of wall conductance on MHD fully developed flow with asymmetric heating of the wall have been investigated by Guria et al [19] . Seth et al. [20] have studied the combined free and forced convection MHD flow in a rotating channel with perfectly conducting walls. Analytical solution to the problem of MHD free convective flow of an electrically conducting fluid between two heated parallel plates in the presence of an induced magnetic field has been presented by Singha [21] . The combined free and forced convection flow of a viscous incompressible electrically conducting fluid in a rotating channel have been investigated by Seth et al [22] . Ahmed [23] has analyzed the mixed convection hydromagnetic oscillatory flow and periodic heat transfer of a viscous incompressible and electrically conducting fluid past an infinite vertical porous plate. The exact solution of MHD mixed convection periodic flow in a rotating vertical channel with heat radiation has been presented by Singh [24] . Seth et al. [25] have studied the combined free and forced convection CouetteHartmann flow in a rotating system with Hall effects.
In the present paper, we have studied the MHD free and forced convective flow of a viscous incompressible electrically conducting fluid in a rotating channel in the presence of a uniform transverse magnetic field on taking induced magnetic field into account. 
FORMULATION OF THE PROBLEM AND ITS SOLUTIONS
Consider the fully-developed combined free and forced convective flow of an electrically conducting fluid bounded by a perfectly conducting plate at =0 z and a non-conducting plate at = zd in a rotating system. Choose a Cartesian coordinates system such as x -axis is along the lower stationary plate in the direction of the flow, the z -axis perpendicular to the plates and the y -axis normal to xz -plane (see Fig.1 
Figure1: Geometry of the Problem
The momentum equations for the fully developed steady flow in a rotating frame of reference are 2 0 2 2 = ,
where  , e  ,  and p are coefficient of viscosity, magnetic permeability, fluid density and modified fluid pressure including centrifugal force respectively. 
Assuming uniform axial temperature variation along the plates, the temperature of the fluid can be written as
where N is the uniform temperature gradient along On the use of (8), the equation (3) becomes
Integrating the equation (9) with respect to z , we get
where () Fx is an unknown function. On the use of (7) and (10), equations (1) and (2) become
Introducing the non-dimensional variables
,
equations (11), (12), (4) and (5) become (7) shows that positive or negative value of N corresponds to heating or cooling of the channel plates along x -direction. Then from the expression of Gr it is followed that > Gr or <0 according as the channel plates are heated or cooled in the axial direction.
Combining equations (14) and (15) and equations (16) and (17), we get
where 11 , a 1.
The corresponding boundary conditions for ()
Solutions of the equations (18) and (19) subject to the boundary conditions (21) are
where
On separating into a real and imaginary parts one can easily obtain the velocity components 1 u and 1 v from the equation (22) and the induced magnetic field components x h and y h from the equation (23) . In the absence of Hall currents ( =0 m ), equations (22) and (23) are not exactly identical with equations (22) and (23) of Seth et al. [25] due to the different boundary conditions.
RESULTS AND DISCUSSION
We have presented the non-dimensional primary velocity 1 u M or Grashof number Gr . It means that both the magnetic field and buoyancy force have a tendency to reduce the primary and the secondary induced magnetic field components. Fig.7 shows that an increase in rotation parameter 2 K leads to reduce the primary induced magnetic field component x h and accelerates the absolute value of the secondary induced magnetic field component y h . 
Similarly, the non-dimensional shear stress components due to the primary and secondary flows at the upper plate 1 
where 1 1 sinh cos cosh sin ( sinh 2 sin 2 ), 2 
=5 Gr
The shear stresses at the plate =0  due to the primary and secondary flows respectively will vanish if the critical Grashof numbers are as Tables 1  and 2 . It is seen from Table 1 that the critical Grashof number at the lower plate for the primary flow as well as for the secondary flow reversal decreases with an increase in rotation parameter Table 2 that the absolute value of critical Grashof number for the primary flow as well as critical Grashof number for the secondary flow at the upper plate increase with an increase in either rotation parameter 
HEAT TRANSFER
The energy equation for the fully developed flow including the viscous and Joule dissipations is 
where k is the thermal conductivity and  the dynamic viscosity. Using (7) and (14), the equation (34) can be written in a nondimensional form as 
where A is taken as the plate temperature parameter.
Substituting the values of 1 u , 1 v , x h and y h from equations (22) and (23) K for fixed value of Grashof number Gr . Further, it is seen from Tables 3-5 that the rate of heat transfer at the lower plate increases whereas it decreases at the upper plate with an increase in Grashof number Gr . 
CONCLUSION
The forced flow in the rotating channel is generated deu to a constant pressure gradient and the interaction of the magnetic field with the effects of free convection on this forced field has been investigated. It is found that the magnetic field and the thermal buoyancy force have a retarding influence on the velocity as well as induced magnetic field components. The thermal buoyancy force tends to reduce the primary as well as secondary induced magnetic field components. It has less effect on the secondary induced magnetic field. The velocity and induced magnetic fields have been significantly affected by rotation. The rotation has same effect on the induced magnetic field components as thermal buoyancy force. The shear stresses at the plates depend on both the magnetic field as well as rotation even in the absence of buoyancy force. The fluid temperature increases with an increase in either magnetic parameter or Eckert number or Grashof number while it decreases on increasing of rotation parameter. Further, the rate of heat transfer at the lower plate increases whereas it decreases at the upper plate with an increase in Grashof number. 
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